ABSTRACT
Introduction
Mushrooms are widely appreciated all over the world not only for their nutritional properties (Kalač 2009) is to measure the absorbance at 690 nm; a higher absorbance corresponds to a higher reducing power. This assay was also performed using microtiter plates and the Microplate Reader described above. The extract concentration providing 0.5 of absorbance (EC 0.5 ) was calculated from the graph of absorbance at 690 nm against extract concentration. Trolox was used as standard. 
Inhibition of

Evaluation of Chemical Composition
Phenolic compounds. The lyophilised powder (~3 g) was extracted with acetone:water Tocopherols. Tocopherols content was determined following a procedure previously optimized and described by the authors (Heleno and others 2010). Analysis was performed by an HPLC system consisted of an integrated system with a pump (Knauer, Smartline system 1000), degasser system (Smartline manager 5000), auto-sampler (AS-9 290 nm and emission at 330 nm. The compounds were identified by chromatographic comparisons with authentic standards. Quantification was based on the fluorescence signal response of each standard, using the IS method and by using calibration curves obtained from commercial standards of each compound (α-, β-, γ-and δ-tocopherol, 0.04-1.00 μg/ml). Tocopherol contents in the samples were expressed in μg per 100 g of dw.
Ascorbic acid. The lyophilised powder (150 mg) was extracted with metaphosphoric acid (1%, 10 ml) for 45 min at room temperature and filtered through a Whatman Nº 4 filter paper. The filtrate (1 ml) was mixed with 2,6-dichloroindophenol (9 ml) and the absorbance was measured within 30 min at 515 nm. Content of ascorbic acid was calculated on the basis of the calibration curve of authentic L-ascorbic acid (0.006-0.1 mg/ml), and the results were expressed as mg per 100 g of dw.
Sugars. Free sugars were determined by high performance liquid chromatography (equipment described above) coupled to a refraction index detector (RI detector Knauer Smartline 2300) as previously described by the authors (Heleno and others 2009). Sugar identification was made by comparing the relative retention times of sample peaks with standards. Data were analysed using Clarity 2.4 Software (DataApex). Quantification was based on the RI signal response of each standard, using the IS method and by using calibration curves obtained from commercial standards of each compound (mannitol and trehalose, 0.2-20 mg/ml). The results are expressed in g per 100 g of dw.
Fatty Acids. Fat was determined by extracting a known weight of the lyophilised power with petroleum ether, using a Soxhlet apparatus. Fatty acids were determined after a transesterification procedure as described previously by the authors (Heleno and others 2009). The fatty acid profile was analyzed with a DANI 1000 gas chromatographer (GC) equipped with a split/splitless injector and a flame ionization detector (FID). Fatty acid identification was made by comparing the relative retention times of FAME (fatty acids methyl esters) peaks from samples with standards. The results were recorded and processed using CSW 1.7 software (DataApex 1.7) and expressed as a weight percentage of the crude fat.
Statistical analysis
For each one of the mushroom species three samples were used and all the assays were carried out in triplicate. The results are expressed as mean values and standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA)
followed by Tukey's HSD Test with α = 0.05. This analysis was carried out using SPSS v. 16.0 program.
Results and discussion
The edible S. luteus and the poisonous A. muscaria and A. pantherina had the highest antioxidant activities ( Table 2) . A species of unknown edibility, C. collinitus, and a sample of questionable edibility, L. quietus, showed the lowest antioxidant properties.
The studied sample of A. caesarea revealed higher DPPH scavenging activity (50% at 7.41 mg/ml versus 43% at 8 mg/ml), higher reducing power (absorbance 0.5 at 1.85 mg/ml versus 0.5 at 4 mg/ml), but lower β-carotene bleaching inhibition (50% at 7.47 mg/ml versus 70% at 2.5 mg/ml) than A. caesarea sample from Turkey (Sarikurkcu and others 2010).
Different metabolites were analysed in order to achieve chemical characterization of the studied species. All the results were expressed in a dry weight basis; nevertheless, moisture contents are given in Table 2 to make possible the conversion to a fresh weight basis.
Three phenolic acids (protocatechuic, p-hydroxybenzoic and p-coumaric acids) and a related compound (cinnamic acid) were identified and quantified in the different samples by HPLC-DAD (Table 3) Vitamins (tocopherols and ascorbic acid) contents in the studied wild mychorrhizal mushrooms are given in The poisonous A. muscaria and C. collinitus, with unknown edibility, gave the highest levels of ascorbic acid (865.21 mg/100 g and 898.61 mg/100 g, respectively) without significant statistical differences (p<0.05).
In relation to sugar composition, determined by HPLC-RI (Table 5) , the sample of L.
volemus gave the highest total sugars content (28.22 g/100 g), with the highest levels of mannitol (27.29 g/100 g). The highest concentration of trehalose was found in C.
anomalus sample (9.92 g/100 g). A. caesarea, A. pantherina, C. anomalus, C. violaceus and S. luteus gave trehalose as the main sugar, while mannitol predominated in A.
muscaria, C. fulmineus, C. collinitus, L. quietus, L. volemus, R. sardonia and T. ustale.
A third sugar, arabinose, was only detected in C. fulmineus (3.29 g/100 g).
The results for fatty acid composition, total saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) of the studied wild mycorrhizal mushrooms are given in Table 6 . Twenty-seven fatty acids were detected by GC-FID. The major fatty acid found was oleic acid (C18:1n9) for A. volemus, S. luteus and T. ustale contributing to the prevalence of PUFA in these species.
The studied samples also revealed palmitic acid (C16:0) as a major fatty acid, and in some cases stearic acid (C18:0), particularly in L. quietus sample. In fact, this sample gave the highest SFA contents (33.68%), but the lowest total fat content (1.22 g/100 g).
R. sordida gave the highest levels of MUFA (65.12%) with the highest levels of oleic acid; C. violaceus showed the highest levels of PUFA (66.58) with the highest levels of linoleic acid. A. muscaria revealed the highest total fat content (4.07 g/100 g).
The This systematic study aimed to contribute to the chemical characterization of wild mushrooms, particularly mycorrhizal species, from Northeast Portugal, one of the European regions with higher biodiversity. Mycorrhization is related to metabolites production, such as phenolic compounds, and the control of their synthesis and the role of these compounds on the symbiotic process are far from being completely understood.
Programme (FUN-C-FOOD, CSD2007-00063), and Junta de Castilla y León (Grupo de
Investigación de Excelencia, GR133). Table 2 . Antioxidant activity of wild mycorrhizal mushrooms. In each row different letters mean significant differences (p0.05). Table 3 . Phenolic acids and related compound in wild mycorrhizal mushrooms. In each row different letters mean significant differences (p0.05). 
References
